Human expansion has negatively impacted biodiversity. Oceanic islands have some of the most diverse, endemic biodiversity. Endemism leads to vulnerability due to the isolated and discrete nature of oceanic islands. Birds are indicator species that adapt to change very quickly. By analyzing birds, we can investigate how changes in behavior and abundance may occur for different species in the future. Nine passerine bird species were studied with automated acoustic recording devices. Recording devices were places in agricultural, forest, and mixed habitats. Three invasive species preferred agriculture areas and low canopy cover, based on call frequency and detection probability. Native bird detectability was significantly lower than invasive bird detectability. Occupancy was above 0.8 for all species, except for the gray-green fruit dove that was >0.6. Native bird populations are at risk, based on their calling number and detection probability. 11 Introduction. 12 Human expansion has negatively impacted biodiversity by in part destroying natural habitats 13 (Florens et al., 2012). Industrialization, logging, large-scale development projects, and 14 agriculture are examples of ways that human expansion has contributed to biodiversity loss and 15 conservation issues in different ecosystems (McKinney, 2002; Repetto & Ramshaw 1988). The 16 decline of habitat diversity by agriculture, in particular, has greatly impacted the amount of area 17 that different animals can inhabit (Stoate et al., 2009). Agriculture is an entity that provides for 18 the survival and livelihood of many people. Conservation and sustainable agriculture have been 19 studied with beneficial outcomes, and should be implemented in places that have not yet 20 acquired these practices to preserve species richness (Thrupp, 2000) . Oceanic islands have some 21 of the most diverse and endemic biodiversity in the world because of their discrete, isolated 22 nature (Paulay, 1994) . Their endemism leads to the species being highly vulnerable, making the 23 human expansion on oceanic islands particularly important to study (Paulay, 1994) . On oceanic 24 islands, in specific French Polynesia, the pressure for resources has led to intensifying 25 agriculture areas in recent years (Kennet et al., 2006). 26 27 Agricultural practices impact birds by altering and eliminating their habitat, nesting availability, 28 and food sources (Bunce et al., 1998; Vickery et al., 2001) . Agricultural ecosystems involve land 29 conversion from forest habitat to harvesting ecosystems that endure intense cutting and grazing 30 (Vickery et al., 2001) . In order to understand how land conversion is affecting biodiversity, it is 31 important to understand how the bird populations are affected. Birds have been used as 32 ecological indicators throughout history because they respond to changing ecosystems relatively 33 quickly (Briggs et al., 2013). For example, the use of fertilizer is known to alter bird occurrence 34 by changing the amount and composition of soil-dwelling invertebrates for consumption 35 (Scullian & Ramshaw, 1987; Tucker 1992; Vickery et al., 2001) . Not only farming but also 36 grazing has been consistent with diminishing biodiversity due to lack of plant variety used for 37 nesting and shelter (McLaughlin & Mineau, 1995) . Non-native species also decrease biodiversity 38 by outcompeting their native counterparts by thriving in human-altered habitats such as 39 agricultural areas (Mack et al., 2000; Gurevitch & Padilla, 2004) 40 41 Birds are not just valuable indicators of agriculture's impact on biodiversity, they also play 42 critical roles in maintaining ecosystem functions. Birds also provide a number of ecological 43 services that add stability to forest ecosystems. Birds facilitate the dispersal of seeds, keeping the 44 forests rich with plant growth and connecting habitats that were once interrupted (Galindo-45 Gonzalez et al., 2000; Cascante et al., 2002; Didham et al., 2005). Seed dispersal plays a major 46 role in genetic exchange in plant populations (Galindo-Gonzalez et al., 2000; Cascante et al., 47 2002; Didham et al., 2005). In 1998 in an Austrialian woodland, decreases in bird densities were 48 associated with insect outbreaks and decreases in tree health (Grey et al., 1998; Didham et al., 49 2005). With a decline in bird population, a healthy trophic system is at risk. In order to 50 understand the presence of bird species feasibly, acoustic monitoring is used for greater 51 standardization of methods and less bias (Haselmayer et al., 2000; Hobson et al., 2002; Rempel 52 et al., 2005; Brandes, 2008; Furnas & Callas, 2015) Because of the vociferous quality of the song 53 birds, their calls can be recorded from up to 50 meters away (Furnas & Callas, 2015). 57 feasible (Rempel et al., 2005; Acevedo et al., 2006; Brandes, 2008; Gorresen et al., 2008; Celis-58 Murillo et al., 2009; Depraetere et al., 2012; Furnas & Callas, 2015). Recordings can provide 59 audio records of data that future analysts can come back to in order to validate the species' calls 60 (Rempel et al., 2005) . 61 62 Non-native and native avifauna habitat preferences and abundance estimates are widely 63 unknown in French Polynesia. The objective of the present study was to fill in this knowledge 64 gap by investigating whether the biodiversity of forest song birds is different in forest versus 65 agriculture ecosystems. Native species may have lower abundances, but forests may create a 66 refuge compared to agricultural areas. To test this hypothesis, we used automated acoustic 67 recorders to survey nine different species' presence in three different habitat types. 68 69 Methods. 70 Study site 71 This research was conducted on the island of Moorea, a high volcanic island, 134 km^2 in size, 72 in the Society Islands of French Polynesia. Human settlement occurs heavily along the coast of 73 the island as well as in flat river valleys. However, much of the Island's rugged interior is 74 unsettled and covered in dense forest filled with Tahitian chestnut (Inocarput fagifer), Hibiscus 75 (Hibiscus rosa-sinensis), miconia (Miconia calvescens), and candlenut (Aleurites moluccana). 76 Sampling of the bird communities focused on the Opunohu Valley, a fertile river valley that 77 displays a diversity of land uses from intensive agriculture to protected forests, both interspersed 78 among mixed-used areas. 79 80 Study Species 81 The specific native birds that were acoustically analyzed were the gray-green fruit dove 82 (Ptilinopus purpuratus) and the Mo'orean kingfisher (Todiramphus veneratus). The introduced 83 species that were analyzed were: the red jungle fowl (Gallus gallus), the zebra dove (Geopelia 84 striata), the red-vented bulbul (Pycnonotus cafer), the common myna (Acridotheres tristis), the 85 silvereye (Zosterops lateralis), the common waxbill (Estrilda astrild), and the red-browed firetail 86 (Neochmia temporalis). These species represent all of the terrestrial passerine avifauna on 87 Mo'orea, excluding the chestnut-breasted manikin (Lonchura castaneothorax) (Wray, 2013) . 88 89 Call validation 90 Recorded bird calls were initially validated in a pilot study by recording the bird and visually 91 inspecting the bird making the call. Spectrograms of the verified calls were made and acoustic 92 analysis done by visually comparing the call identifications and the spectrograms of the 93 recordings from the field. Multiple examples were made for each species to ensure that the 94 variety in call types were identified. 95 96 Selection of field sites 97 To assess the impact of human land use on bird community dynamics, land-use types were 98 identified in the area of interest, the Opunohu Valley, using satellite imagery (Google Earth). 99 The selection of sites to sample of three land types of interest, agricultural, forest and mixed was 100 achieved by placing a grid over the Opunohu Valley and numbering each box. A random number 101 generator was used to determine which grid boxes would be sampled with an automated 102 bioacoustic recording device. Ideally, the recorder was placed in the center of the selected box. If 
239 All but one of the species had occupancies >0.8, suggesting that these species were widespread 240 throughout the study area (Fig 14) . Only the gray-green fruit dove, a native species, had an 241 estimate occupancy of <0.8, but it was still >.0.6. 242 243 However, we identified a negative relationship between canopy cover detection probability for 244 three of the invasive species (common myna, the common waxbill, and the zebra Dove) 245 suggesting that these species may be more abundant in agriculture habitats (Fig. 15) . Four 246 invasive species (red-vented bulbul, red jungle fowl, silvereye, zebra dove) had the highest 247 average detection probabilities per survey (>0.5), whereas both native species (gray-green fruit 248 dove, Mo'orean kingfisher) were among the group with the lowest detection probabilities (<0.5). 249 Taken together, these findings suggest that native species may occur at lower levels of local 250 abundance than invasive species. 251 252 Discussion. 253 Inferences about Abundance 254 Our un-modeled results about calling frequencies showed that there were a significantly greater 255 average number of non-native bird calls than average number of native bird calls in every habitat 256 studied. The largest average number of native bird call frequency was for the gray-green fruit 257 dove and the Mo'orean kingfisher with less than 1.5 calls in the mixed habitat and forest habitat. 258 The largest average number of invasive call requency was the silvereye with 750 average calls in 259 the forest habitat (Table 1, Fig 11) . Number of calls has been used to determine the presence of 260 different species in different times of the year in many different fields of biology (Jones et al., 261 2013; Baumann-Pickering et al., 2015) . 262 263 Our use of occupancy modeling confirmed and elucidated our conclusions about abundances of 264 native versus non-native birds. Although occupancy was high for all species, survey-level 265 detection probability was lowest for the two native species, gray-green fruit dove and Mo'orean 266 kingfisher. This suggests that although all species were widespread across land use types 267 (agricultural vs. forest), local abundances of native species may have been lower than for non-268 natives at occupied sites. On the other hand, the detection probabilities of three non-natives 269 (zebra dove, common myna, and common waxbill) were higher in low canopy habitats 270 suggesting that they may rise to higher local abundances in agricultural areas. If this is true, 271 there may be the potential for forest habitats to provide a refuge for native species. One caveat 272 on this conclusion is that differences in detection probability may instead reflect differences in 273 behavior or sound transmission, not differences in abundance. For example, the association we 274 found between higher canopy cover and lower detectability for three species could be due to 275 greater attenuation of sound in forested habitats (Catchpole and Slater 2008). 276 277 The site detection probabilities indicate how detection varied by species and time of day (Fig  278 12) . The native species were detected to call at all times of the morning equally while the non-279 native species was detected to call more frequently after sunrise. Invasive species have been 280 known to displace native species from their niches (Mooney, 2000) . This study shows the native 281 species calling before sunrise perhaps to compete less with non-natives calling during and after 282 sunrise. The risk of invasive species is prevalent in this example by showing native birds being 283 forced to call before sunrise when they may be more prone to predation. This information will 284 also aid biologists planning to effectively monitor birds on Mo'orea.
286 Ecology of Invasive Species 287
The differences in native and non-native bird numbers is due to human modification of the 288 environment. Non-native, invasive species are able to thrive in disrupted habitats (Mack et al., 289 2000; Gurevitch & Padilla, 2004) . Past archaeological discoveries have revealed that the entirety 290 of the present Opunohu Valley is disturbed in some way, including forest habitats (Olson & 291 James, 1982; James et al., 1987; Steadman, 1989) . Archaeological evidence provides information 292 about widespread native faunal losses during prehistoric human colonization in tropical Island 293 settings in the South Pacific (Olson & James, 1982 , James et al., 1987 , Steadman 1989 ). Eastern 294 Polynesian excavations have shown that big waves of habitat disruption and native faunal 295 extinction occurred in the early years of the Holocene, which is when the Polynesians first 296 arrived to the island approximately 600 AD (Olson & James, 1982) . 297 298 Archaeological findings, as well as the results in this study suggest that invasive birds thrive in 299 all of the tested habitats because they are extremely disturbed from prehistoric activities such as 300 slash and burning of forests for agriculture, and introduction of invasive plant fauna. Because of 301 the Opunohu Valley's, and the island of Mo'orea as a whole, misalignment with its native 302 community assemblages, invasive bird fauna has been shown to be significantly more active than 303 the scarce native avifauna on the island. Habitat alteration, forest clearing, and the introduction 304 of non-native plants and animals were all documented to occur during the time of prehistoric 305 peoples arrival (Steadman, 1989; Steadman et al., 1996; Descantes, 1993) . ) found that non-native birds can thrive in habitats with 310 predominantly non-native floral assemblages. In this study, the red-vented bulbul and the 311 silvereye are shown to be the two most active birds in all three of the habitat types in terms of 312 calling behavior and detectability, and occupancy. Red-vented bulbuls and silvereyes are both 313 frugivorous invasive birds that commonly feed on non-native plant fauna (Brochier et al., 2010; 314 Meyer, 1996) . These birds have led to a slow destruction of habitat by spreading non-native 315 plants, like Miconia calvescens, whose fruits are available year round for consumption 316 (Spotswood, 2011) . The significantly low numbers of native bird presence that was found in this 317 study are negatively affected by the mass amounts of invasive birds that are now found in 318 Mo'orea. 319 320 Different species of kingfishers in similar environments show evidence why the Mo'orean 321 kingfisher presence is extraordinarily low. The Tuamotu Islands are closely related, in terms of 322 culture and fauna, to the Society Islands, which include Mo'orea (Steadman, 1989) . Since there 323 is little to no information published about the Mo'orean kingfisher, the Tuamotu kingfisher can 324 be used to learn more about changes in abundance of Kingfishers around South Pacific islands 325 throughout history. Habitat preferences of the Tuamotu kingfisher were analyzed in 2011 326 (Coulombe et al., 2011). The Tuamotu kingfisher was noted to significantly increase in 327 abundance when there was an open understory and exposed ground . 328 Miconia calvescens is described to invade low and mid-elevation forests (Meyer, 1998) . Miconia 329 calvescens allows the forest floor to grow dense vegetation, leaving the kingfisher with few 330 foraging opportunities. Visibility of kingfisher prey, such as lizards and fish in streams, is lost 331 with the presence of Miconia calvescens, and other invasive low growing plants, by giving their 332 prey hiding shelters and more time to hide . The presence of red-vented 333 bulbuls and silvereyes have allowed for a dense understory to grow rapidly, which leaves the 334 Mo'orean kingfisher with a destroyed native habitat for foraging. This is only one explanation 335 for the extreme low presence in native birds in this study. Other explanations will be discussed 336 later. 337 338 The invasive common myna was significantly more active in the disrupted habitats of 339 agriculture. Having an environment where common mynas can thrive is dangerous, in part 340 because not only do they take resources that native birds could use, they have also been linked to 341 spreading avian disease, while they remain unharmed (Brochier et al., 2010). Common mynas 342 are able to thrive in a variety of climates and habitat types (Brochier et al., 2010), which is clear 343 in this study showing calling activity being significantly greater than both of the native species 344 combined. A study conducted in Mo'orea in 2014 showed that there was a significant absence in 345 Mo'orean kingfishers at sites where common mynas were present (Petrosky, 2014) . This may be 346 because common mynas have been known to prey on the eggs and nestlings of other birds in 347 Australia, including the kookaburra, another Alcedine. (Brochier et al., 2010; Grarock et al., 348 2012). The red jungle fowl had the third largest calling presence with over 150 average calls in 349 the forest and high detectability and occupancy. Red jungle fowl have also been noted to 350 introduce avian pathogens to native birds in the Marquesas (Steadman & Rollett 1996) . Avian 351 Plasmodia was also present in Mo'orea in red-browed firetails, silvereyes, and common mynas. 352 Red jungle fowl also had a second lineage form of malaria in Mo'orea. The spreading of diseases 353 from these invasive birds may be a previously unrecognized factor in the decline of native birds, 354 and overall low presence of native birds in this study. 355 356 Not only are invasive birds known to live and thrive in disturbed areas, some are also known to 357 thrive with global climate change. For example, the common waxbill is native to Sub-Saharan 358 Africa and is known to be ubiquitous to almost all habitats (Reino et al., 2009) . In this study, 359 there was a significant presence in the agriculture areas. This may be because the grazing areas 360 are more characteristic of the Sub-Saharan environments of where it is native from. The common 361 waxbill was seen to be one of the least commonly present invasive passerine birds based on 362 calling behavior and detectability. (Fig 11, 12 ). This may be because of the low source level of 363 the calls (Fig 3) . The common waxbill calls also lie in part in the same frequency of the 364 silvereye. The constant calling and the high source level of the silvereye call may have covered 365 some of the calls by the common waxbill. Although the common waxbill was not the most 366 present in terms of calling activity and detectability in this study, the common waxbill range has 367 been known to increase over time with increase in temperature, most likely because the 368 temperature increase makes the environment more similar to their native Sub-Saharan 369 environments. 374 Future studies should estimate the abundance of the common waxbill in Mo'orea with the 375 increase temperature that is likely to come with climate change. Climate change is known to 376 impact the Pacific Islands (Taylor & Kumar 2016 ). An increase in common waxbills will cause 377 more competition in the avian community, in specific, the lowly present native bird species. 378 379 Ecology of Native Species 380 There is little to no information about the habitat requirements and natural history of many native 381 tropical species . In the case of the Mo'orean kingfisher and the gray-382 green fruit dove, fossil records may help to discover the habitat preferences of these birds. 383 However, there are limited fossil records of passerine birds because their small bone sizes are 384 commonly not picked up by the screens used by archaeologists (Steadman, 1989) . The Mo'orean 385 kingfisher was seen in this study to have low calling number; most sites had no Mo'orean 386 kingfisher calls. The gray-green fruit dove also exhibited little calling activity; sites often had no 387 gray-green fruit dove calls. The gray-green fruit dove has lost much of its native habitat like the 388 Mo'orean kingfisher, and was captured with bird-lime for the use of their feathers for 389 decorations in pre-historic Polynesian culture (Rollin, 1929) . The gray-green fruit dove is an 390 important disperser of native plants and is important in keeping the Mo'orean ecosystem less 391 invaded (Spotswood, 2011) . 392 393 It is important for future studies to analyze habitat preferences of the Mo'orean kingfisher and 394 the gray-green fruit dove. The IUCN Red List shows that Mo'orean kingfishers are "Near 395 Threatened" because there are no signs of population declines (IUCN 2014). Grey-green fruit 396 doves are listed as "Least Threatened" because the population decline is not rapid enough to 397 characterize the species as vulnerable (IUCN 2014). However, the Marquesan kingfisher 398 (Todiramphus godeffroyi) and the Tuamotu kingfisher (Todiramphus gambieri), are listed as 399 "Critically Endangered" because of the deterioration of their small habitat (IUCN 2013, 2015) , 400 like the habitats of the Mo'orean kingfisher. As stated above, these islands are very similar in 401 their fauna and cultural history. The pre-historic habitat disruption that occurred in the Opunohu 402 Valley during the earliest Holocene years specifically was seen to be a series of slashing and 403 burning of the forest for agriculture. The valley itself was a swamp with a 1 m sea level in what 404 is now grazing land . Polynesians planted Coconut trees in the swamp 405 valley . The sediment that eroded from the upslope gardens and farms 406 caused the valley to thereafter become alluvial soil for gardens . The area 407 that was gardens is now present day grazing fields . The Mo'orean 408 kingfisher and the gray-green fruit dove might have used the swamp for their native habitat. 409 However, because there is no information about the birds from prehistoric time, it is likely that 410 we do not know what their preferential native habitat is . It is also likely 411 that the greatest declines in population were during these early Holocene years around 600 A.D. 412 (Olson & James, 1982; James et al., 1987; Steadman & Rolett, 1996) . It is important for 413 endangered listings to take this into account while determining the status of endangerment. The 414 extremely low calling numbers and detectability from this study should be taken into account 415 while determining their status. Calling numbers, detectability, and occupancy from these native 416 birds should continue to be studied over the years so proof of decline in numbers of native birds 417 can be shown. Hutchison M., Ewers R., Gemmell N., Kolar C., Lodge D., Ricciardi A., Sax D., Gaines S., 568 Newton I., Tindall S., Ralph C., Clout M., Feare C., Craig A., Pell A., Tidemann C., Harper 569 M., McCarthy M., Ree R van der., Dhami M., Nagle B., Lowe S., Browne M., Boudjelas S., 570
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